(19). 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(45) Date of publication and mention 
of the grant of the patent: 
27.06.2001 Bu lletin 2001/26 

(21) Application number 95118732.7 

(22) Date of filing: 29.11.1995 



(11) EP 0 727 680 B1 

EUROPEAN PATENT SPECIFICATION 

(51) intci7: G02B 7/00. G01J 3/28 



(54) Thermal compensation for diode array spectrophotometer 

Thermische Kompensation fur Diodenarray-Spektrometer 
Compensation thermique pour un spectrom^tre ^ matrice de diodes 



(84) Designated Contracting States: 
CH DE FR GB LI 

(30) Priority: 14.02.1995 DE 19504834 

(43) Date of publication of application: 
21.08.1996 Bulletin 1996/34 

(73) Proprietor Hewlett-Packard Company, 
A Delaware Corporation 
Palo Alto. CA 94304 (US) 

(72) Inventor Kraiczek. Karsten 
D-76307 Karlsbad (DE) 



ffl 

O 
CO 
CD 



CM 

O 

Q. 
HI 



(74) Representative: Harbach, Thomas 

Agilent Technologies Deutschland GmbH 
Patentabteilun 9 
Herrenbergerstrasse 130 
71034 Bdblingen (DE) 



(56) References cited: 
US-A- 4 709 989 



US-A- 4 805 993 



ZEISS INFORMATION, vol. 30, no. 100, 1 April 
1990. pages 16-19, XP000123326 MACHLER M 
ET AL: -MCS MULTICHANNEL 
SPECTROMETER" 

F&M-FEINWERKTECHNIK & MESSTECHNIK, 
vol. 96. no. 1-2. January 1988. MUNCHEN, DE, 
pages 13-17, XP002018041 M. MAECHLER: 
"Dauerjustiertes 

Diodenzeilen-SimuKanspektrometer" 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Piinted by Jouve, 75001 PARIS (FR) 



EP 0 727 680 B1 



1 

Description 

Field of the Invention 

[0001] The invention described here refers to a diode 
array spectrophotometer, the basic elements of which 
are an entrance slit apparatus, a diffraction grating, a 
diode array and a casing to define the spatial positions 
of these elements relative to one another. The invention 
especially concerns the adjustment and fixing of the dif- 
fraction grating relative to the entrance slit and the diode 
array. 

Background of the Invention 

[OO02] A diode array spectrophotometer with an en- 
trance slit apparatus, a diffraction grating and a diode 
array images the entrance slit of the entrance slit appa- 
ratus onto the diode array via the diffraction grating. Be- 
side the spectral division of light, the diffraction grating 
typically also has an imaging function corresponding to 
that of a concave mirror. 

[0003] The photodiode array of a diode array spectro- 
photometer has a typical length of between about 12.5 
mm and 25 mm, diode array lengths of about 25 mm 
normally being employed with higher-resolution instru- 
ments. A UVA/IS diode anray spectrophotometer covers 
a wavelength range of 200 nm to 800 nm, giving a linear 
dispersion of about 40 nm/mm. Many fields of applica- 
tion require a wavelength reproducibility of less than 
0.05 nm with a wavelength accuracy of better than 1 nm 
across a wide temperature range. This means that the 
mechanical and thermal stability of the arrangement of 
the entrance slit relative to the diffraction grating and to 
the diode array within the operating temperature range 
must lie in the submicrometer range, even when shocks 
and vibrations occur, as they unavoidably do in every- 
day use. 

[0004] With a diode array spectrophotometer, it is also 
necessary while assembling the instrument to make ad- 
justments to the positioning of the optical elements rel- 
ative to one another, i.e. of the entrance slit relative to 
the diffraction grating and to the diode array. After con- 
ducting adjustments, the adjusted elements need to be 
fixed in such a manner that the mechanical and thermo- 
mechanical stability described above is achieved. 
[0005] In order to minimize geometrical displace- 
ments due to the differing coefficients of thermal expan- 
sion of the optical components of a diode array spectro- 
photometer. US- A-4, 709,989 teaches that the spectro- 
photometer's casing can be made from a compressed 
ceramic material whose coefficient of thermal expan- 
sion is adapted to the coefficient of thermal expansion 
of the lenses used in the optical elements of the spec- 
trophotometer. 

[0006] US-S-4,805,993 discloses an additional diode 
array spectrophotometer with a slit, a diode array and 
an optical grating, which are held relative to one another 



by a casing. For the purposes of adjusting and fixing the 
grating relative to the casing, the grating has a peg at 
the back, which is held by a manipulator during adjust- 
ment. The grating can be moved along the x andy axes 

5 using the layout plate and can also be rotated about 
these axes. To enable displacement in the z direction, 
the grating can be moved within the cylindrical opening 
in the layout plate. When the final adjustment position 
has been reached, the layout plate together with the 

'0 grating is fixed relative to the casing using a self-hard- 
ening substance. Both the grating and the layout plates 
of the known diode array spectrophotometer are made 
of glass. The structure described for adjusting and fixing 
the diffraction grating of the known diode array spectro- 

'5 photometer using the plate arrangement described is 
complicated both to manufacture and to handle during 
the adjusting and fixing stages. With this known diode 
array spectrophotometer a fine adjustment of the diode 
array must be carried out after the described adjustment 

20 of the grating, since not all degrees of freedom are avail- 
able for adjusting the grating. 

Summary of the Invention 

25 [0007] According to a first Important aspect, the Inven- 
tion stems from the realization that, although the thennal 
compensation of the Icnpwn spectrophotometer takes 
account of the behavior of the casing, the entrance slit 
and the grating, it cannot compensate for the thermal 

30 expansion behavior of the diode array. 

[0008] As will be described in detail below, the Inven- 
tion stems from the realization that the temperature de- 
pendency of the measured wavelength Is minimized If 
the coefficient of themnat expansion of a grating holder, 

35 which holds the diffraction grating, is attached to the 
casing and defines an adjusteibie position of the diffrac- 
tion grating relath/e to the entrance slit apparatus and 
the diode array, is adapted to the coefflcient of thermal 
expansion of the diode array. 

40 [0009] To this end, the invention provides a diode ar- 
ray spectrophotometer with an entrance sHt apparatus, 
a diffraction grating, a diode array, a casing to define the 
positions of the entrance slit apparatus and the diode 
array relative to one another, and a grating holder at- 

45 tached to the casing to accept the diffraction grating, the 
holder being used to fix the diffraction grating in an ad- 
justed position relative to the entrance slit apparatus and 
the diode array, whereby the casing and the grating 
holder are made of a ceramic or ceramk:s whose coef- 

50 ficient(s) of thennal expansion Is/are adapted to the co- 
efficient of thermal expansion of the diode array. 
[001 0] According to a preferred embodiment of the in- 
vention, a diode array spectrophotorheter of the afore- 
mentioned type is provided in which the diode array Is 

55 made of silbon and the ceramic has a coefficient of ther- 
mal expansion of 2.5 x 10*^ K*^. 
[001 1 ] According to a preferred embodiment of the in- 
vention, a diode array spectrophotometer of the af ore- 
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mentioned type is provided in which the cerannlc is a sii- 
icate ceramic. 

[001 2] According to a further preferred embodiment 
of the Invention, a diode array spectrophotometer of the 
aforementioned type is provided in which the silicate ce- 
ramic belongs to the three-component system AlgOg- 
MgO-SiOg. 

[0013] According to yet another preferred embodi- 
ment of the invention, a diode array spectrophotometer 
of the aforementioned type is provided in which the cas- 
ing and the grating holder attached to the casing are 
made of the same ceramic. 

Brief Description of the Drawings 

[0014] In the following, preferred embodiments of the 
invention are described in more detail with reference to 
the enclosed drawings: 

Fig. 1 Is a schematic representation of the main 
functional elements of a diode array spectropho- 
tometer: 

Fig. 2 is a plan-view representation of a grating 
holder for accepting a diffraction grating and fixing 
in an adjustable manner its position relative to a 
casing of the spectrophotometer; and 

Fig. 3 is a representation of a vertical cross-section 
of the grating holder shown In Fig. 2. 

Description of the Preferred Embodiment of the 
Invention 

[0015] Fig. 1 shows a diode array spectrophotometer 
with an optical apparatus 3 defining an entrance slit, 
hereafter called entrance slit apparatus 3, a diffraction 
grating 4 and a diode array 5. 

[0016] For reasons of clarity, casing 1 is not shown in 
the schematic representation of Fig. 1 , but rather only 
in Fig. 2 and 3. In a conventional manner per se, casing 
1 serves to define the positions of entrance slit appara- 
tus 3, diffraction grating 4 and diode an^ay 5 relative to 
one another. In a per se conventional manner for diode 
array spectrophotometers, diffraction grating 4 images 
the entrance slit, which is defined by entrance slit appa- 
ratus 3, onto one of the elements of diode array 5, de- 
pending on the wavelength of the incident light. En- 
trance slit apparatus 3 and diode array 5 must be at cer- 
tain positions in the x-y plane. IHere, less critical adjust- 
ment errors along the y-axis are denoted by a light-color- 
ed arrow, while critical adjustment errors along the x- 
axis are denoted by a dark-colored arrow. Diffraction 
grating 4 must be correctly adjusted relative to its posi- 
tion in the x-y plane, its distance along the z-axis, and 
its swivel direction about both the x- and y-axes. Here, 
too, the relevant critical adjustments are denoted by a 
darlc-colored arrow, the less critical adjustments by a 



light-colored arrow, and the moderately critical adjust- 
ments by a hatched arrow. 

[0017] The invention further leaches that, when se- 
lecting the coefficients of thermal expansion, It is nec- 

5 essary to start from the coefficient of thermal expansion 
of the diode array as the target coefficient of themial ex- 
pansion, and, by selecting suitable materials for the rel- 
evant parts, to adapt to this target coefficient of thermal 
expansion the coefficients of thermal expansion for the 

10 elements contributing essentially to the thermal behav- 
ior. 

[001 8] According to the invention, it is recognized that 
the coefficient of themnal expansion of the grating holder 
has a major influence on the geometry of the grating ar- 

'5 rangement, and that in addition the coefficient of thermal 
expansion of the casing dictates the geometry. TTius, ac- 
cording to what the invention teaches, temperature er- 
rors are minimized by adapting the coefficients of ther- 
mal expansion of the casing, the grating holder and the 

20 diode array to one another Since the diode array is typ- 
ically made from silicon, its coefficient of thermal expan- 
sion Is typically 2.5 x 1 0"^ K-'' . 

[0019] The invention therefore teaches that the cas- 
ing and the grating holder are manufactured from a ce- 

25 ramie whose coefficient of thermal expansion is as close 
as possible to that of silicon. This represents a consid- 
erable departure from the prior art, which teaches that, 
when selecting the material for the casing, conformance 
to the coefficient of thermal expansion of the lenses cus- 

30 tomarlly used In the optics is required, in the case of 
material 2KN-7 about 5 x 10"® K-^ The coefficient of 
thermal expansion valid for the relevant parts of the ob- 
ject of the invention is therefore reduced by a factor of 
two compared to the prior art. 

35 [0020] According to the invention, a silicate ceramic 
from the three-component system AlgOg-MgO-SiOg is 
employed as the material for casing 1 , grating holder 2 
and diffraction grating 3, which forms a single unit to- 
gether with the grating holder, since this ceramiccan.be 

40 adapted in a manner known per se to a coeffk:ient of 
thermal expansion of 2.5 x 1 0-® by selecting a spe- 
cific mix ratio. Using the dry press method, casing 1, 
grating holder 2 and the grating itself can be manufac- 
tured cost effectively from this silicate ceramic. 

45 [0021] An especially simple, precisely adjustable and 
thermally stable embodiment of the grating holder will 
be described in the following in more detail with refer- 
ence to Rgs. 2 and 3. 

[0022] Casing 1 has an opening 7 in the form of a con^ 
so ic frustum, which diverges towards the outside of the 
casing. As previously mentioned, casing 1 is made of a 
silicate ceramb. 

[0023] Grating holder 2, which is also made from this 
silicate ceramic, consists essentially of a flat, cylindrical 
55 body with a cylindrical outer surface 6, the body fixing a 
diffraction grating 4, similar to a concave mirror, to one 
of its main faces. Between the cylindrical outer surface 
6 of grating holder 2 and the wall of conic-frustum- 
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shaped opening 7, there are a plurality of filler elements Claims 
8, 8*. In the preferred embodiment shown, the filler ele- 
ments have a cylindrical base 9 and a sphericai top 1 0. 
The filler elements are preferably made of the same ce- 
ramic as grating holder 2 and casing 1 . However, it is 
also possible to manufacture the filler elements from 
glass. 

[0024] When assembling the diode array spectropho- 
torrieter. entrance slit apparatus 3 and diode array 5 are 
first glued into the recesses provided in the casing 1 {not 
shown) for this purpose, or are mechanically fixed in a 
suitable manner. Thus they are fixed without adjust- 
ment. 

[0025] Next, grating holder 2 is inserted into opening 
7 using either a collet or a vacuum suction device and 
adjusted, the gap in the casing between conic-frustum- 
shaped opening 7 and cylindrical sleeve 6 being approx- 
imately uniform in size. Here, the electrical readouts 
from diode array 5 are used during the adjustment proc- 
ess. 

[0026] Next, using a small number of filler elements 
8, for example three, provisional fixing is attained by 
coating the elements with a fast-acting adhesive and in- 
serting them between cylindrical wall 6 of grating holder 
2 and the wall of conic-frustum -shaped opening 7, with 
their flattened bases resting against cylindrical wall 6 
and their spherical tops 1 0 resting against the wall of 
conic-frustum-shaped opening 7. 
[0027] After this provisional fixing, the desired number 
of additional filler elements 8, 8* are inserted at a pre- so 4. 
scribed angular separation into the described gap be- 
tween the casing and the grating holder. Preferably, filler 
elements 8, 8' with at least two different axis lengths are 
used, in order to define two physically separated series 
of filler elements for fixing, in the manner shown in Fig. 55 5. 
3. These filler elements are coated with an adhesh/e 
which hardens under UV light and has a so-called glass 
temperature TG distinctly higher than the highest oper- 
ating temperature of the spectrophotometer. A glass 
transition temperature TD of 140 '*C is considered cor- 40 
rect. 

[0028] Hardening under UV light is conducted in the 
vertical adjustment position sketched In Fig. 3 by expos- 
ing the arrangement to UV light directed toward the up- 
per suriace. in order to harden the adhesive evenly with 45 
UV light; it is considered practical to manufacture the 
filler elements from glass. 

[0029] However, when refraining from hardening the 
adhesive with UV light, It is preferable to employ ceramic 
filler elements. so 
[0030] In contrast to the described embodiment, it is 
possible to use spherlceil filler elements 8, 8*. In this 
case, low-quality balls, i.e. with a low degree of spherical 
concentricity, can be used, since this does not affect the 
accuracy of the adjustment ss 



1 . Diode array spectrophotometer. with 

an entrance slit apparatus (3), 
a diffraction grating (4), 
a diode array (5), 

a casing (1) to define the positions of the en- 
trance slit apparatus (3) and diode array (5) rel- 
ative to one another, 

and a grating holder (2) fixed to the casing (1) 
for receiving the diffraction grating (4). by 
means of which (2) the diffraction grating (4) is 
fixed relative to the entrance slit apparatus (3) 
and the diode an-ay (5) in an adjusted position, 
wherein the casing (1) and the grating holder 
(2) consist of ceramics having coefficients of 
thermal expansion which are adapted to the co- 
efficient of themnal expansion of the diode ar- 
ray, respectively.' 



Diode array spectrophotometer as In claim 1, 
wherein the diode array (5) consists of silicon and 
wherein the ceramics has a coefficient of thermal 
expansion of 2 .5 x 1 0-^K'"* . 

Diode array spectrophotometer as in claim 2 where- 
in the ceramics consists of silicate ceramics. 

Diode array spectrophotometer as in anyone of the 
preceding claims, wherein the silicate ceramics be- 
longs to the three-component system AI2O3 - MgO 
- SlOg. 

Diode array spectrophotometer as in anyone of the 
claims 1 to 4, wherein the casing (1 ) and the grating 
holder (2) fixed to the casing consist of the same 
ceramics. 



PatentansprCiche 

1. Diodenarray-Spektrofotometer mit 

einer Eingangsschlitzvorrichtung (3), 
einem optischen Gltter (4). 
einem DIodenarray (5), 

eInem Gehause (1) zum Festlegen der Positio- 
rieh der Eingangsschlitzvorrichtung (3) in Be- 
zug auf das Diodenarray (5), 
und eine Gitterhalterung (2), die mit dem Ge- 
hause (1 ) vert5unden ist, um das optische Gitter 
(4) aufzunehmen, wobei das optische Gitter (4) 
mit Hilfe der Halterung (2) in Bezug auf die Ein- 
gangsschlitzvorrichtung (3) und das Diodenar- 
ray (5) in einer justierten Position befestigt wird. 
wobei das Gehause (1) und die Gitterhalterung 
(2) aus Keramik mit Wamneausdehnungskoef- 
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fizlenten bestehen, die jeweils an den Warme- 
ausdehnungskoeffizrenten des Diodenanrays 
angepasst warden. 

Dlodenarray-Spektrofotometer nach Anspruch 1, 
wobei das Diodenarray (5) aus Silicium besteht und 
wobei die Keramilc einen Wamneausdelinungslcoef- 
fizlenten von 2,5 x 1 0^ K*^ hat. 

Diodenan^ay-Spektrofotometer nach Anspruch 2. 
wobei die Keramik aus Silikatkeramik besteht. 



est une c§ramique silicate. 

Spectrophotometre a matrice de diodes tel que 
dans Tune quelconque des revendications prec6- 
dentes dans lequel la ceramique silicate appartient 
au systenne temaire Al203-MgO-Si02. 

Spectrophotometre k matrice de diodes tel que 
dans i'une quek:onque des revendications 1 & 4, 
dans lequel le bottler (1) et le support du reseau (2) 
fixe au boTtier consistent en la m§me ceramique. 



4. Diodenarray-Spektrofotometer nach irgendeinem 
der vorhergehenden Anspruche, wobei die Silikat- 
keramik 2u dem Dreikompbnentensystem AI203- '5 
MgO - Si02 gehort. 

5. Diodenarray-Spektrofotometer nach irgendeinem 
der Anspruche 1 bis 4, wobei das Gehause (1) und 
die am GehSuse befestlgte Gitterhaltemng (2) aus 
derselben Keramik bestehen. 



Revendications 

25 

1 . Spectrophotometre a matrice de diodes ayant : 

^ un dispositif k fente d'entree (3), 

p. un rSseau de diffraction (4). 30 

K une matrice de diodes (5), 

► un boitier (1) pour definir les emplace- 
ments du dispositif k fente d'entree (3) et de la 35 
matrice de diodes (5) relativement I'un a I'autre, 
et 

^ un support de reseau (2) fix6 dans le boT- 
tier (1 ) pou r recevoir le reseau de diff ractio n (4) , 40 
au moyen duquel (2) le reseau de diffraction (4) 
est fixe relativement au dispositif k fente d'en- 
tree (3) et ^ la matrice de diodes (5) d'une ma- 
niere ajustee. dans lequel le boTtier (1) et le 
support du reseau (2) consistent en des cera- 
miques ayant des coefficients d'expansion 
thermjques qui sont adaptes au coefficient 
d'expansion themiique de la matrice de diodes, 
respectivement. 



2. Spectrophotom&tre k matrice de diodes tet que 
dans la revendication 1 , dans lequel la matrice de 
diodes (5) est en silicium et dans lequel ta cerami- 
que poss^de un coefficient d'expansion thermique 
de 2,5 x 10-6 K-1. 

3. Spectrophotometre a matrice de diodes tel que 
dans la revendication 2 dans lequel la ceramique 



50 



5 




6 



